Introduction {#sec0005}
============

The main indication for total knee arthroplasty (TKA) is the final treatment of cases of severe knee osteoarthrosis.[@bib0155] TKA is considered to be one of the orthopedic surgeries with the highest estimated bleeding,[@bib0160] with values ranging from 300 to 2000 ml.[@bib0165] Several studies show a high incidence of transfusion in the postoperative period[@bib0160], [@bib0170]; according to Wong et al.,[@bib0175] these rates vary from 10% to 38%.

Homologous transfusions are associated with prolonged hospitalization and increased costs, as well as with increased morbidity and mortality[@bib0165], [@bib0170] due to the large number of complications related to the procedure, such as an increase in the incidence of wound infections,[@bib0165], [@bib0170] fluid overload, increased hospitalization time,[@bib0165], [@bib0170] viral infections, immunodepression, hemolytic reactions, and inflammatory tissue lesions,[@bib0180] in addition to the inherent risks of HIV and hepatitis C infection, among other bloodborne diseases.

Autotransfusion (autologous) with pre-drawn blood through a blood storage system has been advocated in TKAs, in an attempt to avoid the complications of homologous transfusions.[@bib0185] However, autologous transfusions are expensive, not without complications,[@bib0165], [@bib0170] and cannot always be used in elderly patients.[@bib0160]

In order to reduce the number of blood transfusions in TKA, some precautions are taken to try to minimize perioperative and postoperative bleeding, such as occlusion of the femoral intramedullary canal with bone graft,[@bib0190] use of pneumatic tourniquet and suction drain,[@bib0165], [@bib0170] improvement of surgical technique,[@bib0165] anesthesia combined with hypotension,[@bib0195] cryotherapy and Jones bandage,[@bib0200] postoperative drainage clamping,[@bib0205] local application of fibrin glue,[@bib0210] use of tranexamic acid,[@bib0215] local infusion with norepinephrine,[@bib0220] and the placement of platelet gel in the operative wound.[@bib0225]

The widespread use of tranexamic acid in bleeding control is well established in several surgical specialties, such as gynecology[@bib0230] and cardiac surgery.[@bib0235] Its use in orthopedic surgery has generally demonstrated similar efficacy.[@bib0240]

The antifibrinolytic effect of tranexamic acid is due to the reversible formation of the tranexamic acid-plasminogen complex, which eventually slows fibrinolysis and preserves the previously formed clot.[@bib0165], [@bib0170]

The present study was conducted to corroborate the literature data and possibly establish the regular use of the medication as a protocol in this hospital.

The main objective of the study was to determine the efficacy of tranexamic acid in reducing bleeding in TKA, as well as to evaluate its impact on patients' transfusion requirements.

Material and methods {#sec0010}
====================

This was a prospective, randomized, triple-blinded study (patient, surgical team, data collection team), previously approved by the Ethics and Research Committee of this institution and submitted to the Brazil Platform under the number CAAE 36137314.3.0000.5273.

Patients with primary knee osteoarthrosis who underwent TKA were selected. All patients underwent spinal anesthesia associated with femoral and sciatic nerves peripheral block. The surgeries were performed under ischemia with a pneumatic cuff inflated to a pressure 125 mmHg higher than the patient\'s systolic blood pressure after limb exsanguination. All surgeries were performed with the patient in the supine position through the classical medial parapatellar approach; in all cases, the Hemovac^®^ drain was removed 24 h after the procedure, and its output was recorded. In all patients, post-stabilized Press Fit Condylar Sigma (PFC sigma/DePuy-Synthes^®^) implants with patellar replacement were used. All surgeries were performed by surgeons from this hospital group from September 2014 to January 2015.

Patients of both genders with primary knee osteoarthrosis admitted to the hospital for TKA were selected to participate in this study. Prior to joining the study, all patients received clarifications, in simple and clear language, regarding the benefits and risks of treatment. After showing understanding of what was proposed, the patient or their legal representative signed the Informed Consent Form.

The exclusion criteria were previous surgery in the same joint, evidence of joint infection, patients with congenital or acquired coagulopathies, active intravascular coagulation, acute occlusive vasculopathy, hypersensitivity to components of the Transamin^®^ formula, chronic use of oral anticoagulants and corticosteroids, history of severe or moderate allergy to plasma transfusion, patients with chronic heart disease, patients with malignant neoplasms and autoimmune diseases, major bone defects requiring bone grafting, and knee arthroplasty revision surgeries, as well as not agreeing to sign the Informed Consent Form.

The patients were randomized into two groups: tranexamic acid (intervention) and placebo (control). As this was a randomized, controlled, triple-blinded study, neither the patient nor the surgeon or members of the team were aware of the group to which the operated patient belonged. Patients were randomized to the tranexamic acid or placebo group using opaque, sealed envelopes. For the randomization, 55 envelopes with a card with the word "medicine" and 55 envelopes with a card with the word "placebo" were made. The envelopes were opened by the anesthesiologist after the end of the blockades and before the pneumatic cuff was inflated. The medication or placebo was then administered, five minutes before the onset of ischemia. The surgeon was not informed of the contents of the drawn envelope.

After randomization, the final sample consisted of 101 patients, 70 females and 31 males, ranging from 52 to 85 years. [Table 1](#tbl0005){ref-type="table"} shows the comparison between groups.Table 1Comparability between control and intervention groups regarding anthropometric variables prior to surgery.Table 1VariablesControl (*n* = 50)Tranexamic acid (*n* = 51)Student\'s *t*-testMeanMean*p*-valueAge (years)68.566.60.1377Weight (kg)78.876.60.3477Height (m)1.601.580.2334Blood volume (l)4.44.20.2517Preoperative hemoglobin (g/dl)14.113.50.0193Preoperative hematocrit (%)42.240.30.0092TAP (%)98.697.50.2767Female gender -- *n* (%)34 (48.6)36 (51.4)0.778[a](#tblfn0005){ref-type="table-fn"}[^1]

Nine patients were excluded from the study, four from the intervention group and five from the placebo group because they met the exclusion criteria: two did not undergo patellar replacement and seven had contraindications to the drug.

The patients belonging to the tranexamic acid group received a standardized dose of 1 g of the drug, divided into four 5 ml ampoules of 250 mg each before the pneumatic cuff was inflated. In the control group, placebo was applied in the same manner. All surgical procedures were performed in accordance with the protocols established in the hospital routine. The only injectable form of tranexamic acid available in the hospital is manufactured by the NIKKHO laboratory, under the brand name of Transamin^®^. The placebo used was 0.9% saline solution.

The following parameters were considered individually in all patients in the analysis and calculation of total blood loss. The complete blood count measured on the day before the surgery was compared with that on the first postoperative day. A preoperative coagulogram was performed to evaluate the possible intervention of the index values in the final postoperative bleeding volume. The 24-h drain output was recorded for all patients. Patients' weight, height, and gender were also considered.

Blood loss was calculated based on hemoglobin levels, adjusted to the patient\'s blood volume.[@bib0245], [@bib0250] The calculation of volume (l) was stratified by genders. Women: (height^3^ × 0.3561) + (weight × 0.03308) + 0.1833 and men: (height^3^ × 0.3666) + (weight × 0.3219) + 0.6041. The following parameters were also observed: hemoglobin reduction, hematocrit reduction, mean hematocrit, total blood loss (blood volume × \[hematocrit reduction/mean hematocrit\]), and number of transfusions.

The data were tabulated in a spreadsheet for statistical analysis and comparison among the selected variables. The significance criterion adopted was the level of 5%, *i.e*., when the *p*-value of the statistical test is less than or equal to 0.05, there is statistical significance. The statistical analysis was performed using the statistical software Stata version 12.1.

In the statistical analysis for comparison of quantitative data between two groups (control and intervention), Student\'s *t*-test for independent samples was used, since the variables presented normal distribution (Gaussian distribution) verified by the q--q plot. To compare qualitative data, the chi-squared test (*χ*^2^) was applied.

Results {#sec0015}
=======

When comparing the preoperative mean hemoglobin and hematocrit values, a statistically significant difference was observed between the two groups; the value was lower in the group that received the drug. However, despite the significant difference, these mean values did not present a clinical difference, as they were within the parameters of laboratory normality.

As to the other analyzed criteria, the results did not present a significant difference, which indicates that both groups are homogeneous and comparable.

When compared with those in the control group, patients in the intervention (tranexamic acid) group presented statistically significant lower rates of hemoglobin and hematocrit reduction in the postoperative values when compared with the baseline values, as well as a significant reduction in apparent bleeding (24-h drain output) and estimated bleeding (blood loss volume calculation). [Table 2](#tbl0010){ref-type="table"} summarizes the statistical analysis of the present results, demonstrating statistical significance in all parameters evaluated.Table 2Comparison of red cells indexes before and after surgery between control and intervention groups.Table 2Red cells indexesControl (*n* = 50)Tranexamic acid (*n* = 51)Student\'s *t*-testMeanMean (SD)*p*-valueHemoglobin reduction (g/dl)3.22.20.0007Hematocrit reduction (%)9.87.10.0031Blood volume loss (l)1.20.80.0038Drain output (ml)352.6189.30.0012[^2]

The results of the control group showed greater variability, while the results of the tranexamic acid group presented greater homogeneity. The results of each parameter evaluated are also individually represented in box-plot diagrams ([Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}, [Fig. 3](#fig0015){ref-type="fig"}, [Fig. 4](#fig0020){ref-type="fig"}).Fig. 1Box plot of hemoglobin reduction results.The central line of each group represents its median and the rectangles (boxes) represent 50% of the patients in each group, comprised between the first and third quartiles. The lines that leave the boxes determine the upper and lower margins of the "typical" results found in each group. The point found in the control group is an outlier.Control group: minimum value = 0.1; maximum value = 7.7; first quartile = 2.0; third quartile = 4.2; median = 3.2.Tranexamic acid group: minimum value = −0.3; maximum value = 4.5; first quartile = 1.6; third quartile = 2.9; median = 2.3.Fig. 2Box plot of hematocrit reduction results (%).Control group: minimum value = 0.4; maximum value = 22.9; first quartile = 6.1; third quartile = 13.9; median = 9.9.Tranexamic acid group: minimum value = 0.7; maximum value = 13.6; first quartile = 5.0; third quartile = 9.5; median = 7.3.Fig. 3Box plot of estimated blood volume loss (L).Control group: minimum value = 0.1; maximum value = 4.0; first quartile = 0.7; third quartile = 1.6; median = 1.1. One outlier was observed in this group.Tranexamic acid group: minimum value = 0.1; maximum value = 1.6; first quartile = 0.5; third quartile = 1.1; median = 0.9.Fig. 4Box plot of the drain output comparison (ml).Control group: minimum value = 0.0; maximum value = 900; first quartile = 150; third quartile = 550; median = 275.Tranexamic acid group: minimum value = 0.0; maximum value = 1200; first quartile = 40; third quartile = 250; median = 100. Three outliers were observed in this group.

In the control group, six patients underwent blood transfusion. No transfusions were performed in patients who used tranexamic acid.

Discussion {#sec0020}
==========

Currently, approximately 450,000 TKAs are performed annually in the United States.[@bib0255] The satisfactory results found in the literature, the improvement of the technique, and the aging of the population have stimulated an increase in the number of procedures.[@bib0260] Kurtz et al.[@bib0265] estimate an increase of about 670% in the number of TKAs; by 2030, approximately 3.5 million procedures will have been performed annually in the United States alone. The high blood loss[@bib0165] and consequently the high transfusion rate[@bib0175] lead to an increase in hospital admission costs.[@bib0165] With the prospect of an increased number of surgeries to be performed annually, a significant economic impact from hospital costs is expected. The mean value of only one unit of red blood cells in the United States is USD 950[@bib0270] and one ampoule of tranexamic acid costs USD 6.[@bib0175] It is expected that the reduction of bleeding through the use of tranexamic acid will bring savings to the healthcare system, reinforcing the importance of the present study.

The venous application of tranexamic acid was chosen based on several studies that have demonstrated an efficacy similar or superior to the topical application.[@bib0275], [@bib0280] It also allowed the surgical team to be blinded to the group to which the patient belonged. Intravenous administration of tranexamic acid has the advantage of being faster; it is not necessary to await the effect of the medication, a characteristic of the topical method.[@bib0215] Similarly, the literature is not clear regarding the effects of tranexamic acid applied topically in contact with bone or muscle tissue[@bib0215]; Furthermore, there is no consensus on the concentration in the topical application.[@bib0285] Therefore, the authors opted to assess only the intravenous administration of this drug associated with a control group.

The standardization of a single 1 g [IV]{.smallcaps} dose in the present study, as well as the results observed, are similar to the findings by Levine et al.[@bib0290]

Venous tranexamic acid has severe contraindications in patients with previous history of deep vein thrombosis, renal insufficiency, heart disease, or cerebrovascular disease,[@bib0170] therefore, making a good preoperative clinical evaluation and a preanesthesia consultation essential. In this way, it is possible to minimize errors in the indication of this drug and prevent possible complications. The present study excluded a small number of patients due to a good anamnesis performed in the preoperative period. The authors emphasize that the preoperative evaluation by the multidisciplinary team increases the safety in the use of this drug.

Tzatzairis et al.[@bib0285] indicated that tranexamic acid can be used in patients who undergo TKA without a pneumatic cuff. The present authors consider that the pneumatic cuff can be routinely used during knee replacement surgery. The advantages of its use are that it promotes a cleaner operative field, reduces perioperative bleeding, improves the quality of implant cementation, and reduces the duration of surgery,[@bib0295] besides reducing the risk of the surgeon acquiring diseases transmissible from biological accidents.[@bib0295] In the present study, the pneumatic cuff was used in all cases.

In this study, the use of tranexamic acid IV was effective in minimizing bleeding in TKA, which corroborates the findings of Alshryda et al.[@bib0275] and Seo et al.,[@bib0280] with a significant decrease in estimated blood loss and reduction of red cells indexes. In the comparison between the groups, the parameter that presented the greatest disparity was the apparent bleeding, represented by the measurement of the drain output.

Patients in the intervention (tranexamic acid) group presented a more uniform pattern, with more homogeneous results due to the drug action. As they were not influenced by the use of acid, the results of the control (placebo) group were more heterogeneous, with greater susceptibility to other variables of minor importance, such as gender, age, weight, blood volume, and preoperative prothrombin activation time, whose influences on final bleeding were not individualized, since the groups were homogenous regarding the distribution of the characteristics.

The fact that blood transfusion was required in six patients in the control group and in none of the patients in the intervention group demonstrates a lower tendency for transfusion in the cases that used tranexamic acid, which is consistent with the expected result of the use of this drug.[@bib0215]

The present study shows as a limitation the fact that patients were not followed-up during the late postoperative period to evaluate the incidence of complications in the groups and the comparison between them. This is because the safety of the use of tranexamic acid has already been demonstrated in a meta-analysis by Zhang et al.,[@bib0300] who did not observe an increase in complications between patients who used the drug and patients who underwent TKA without its use.

According to the above results, it was observed that the perioperative administration of tranexamic acid in a single dose of 1 g is effective to significantly reduce the hematometric indexes in the postoperative period, in addition to reducing drain output and estimated bleeding volume, which resulted in a lower blood transfusion rate in patients submitted to TKA.

Conclusion {#sec0025}
==========

The use of intravenous tranexamic acid was effective in reducing bleeding in patients undergoing TKA.
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[^1]: Chi-squared test.

[^2]: A statistically significant difference was observed in all indices.
